Background/Objectives: Few studies have investigated dietary patterns among French adults. We aimed to identify dietary patterns and their relation with nutrient intakes, sociodemographic, lifestyle and other health indicators in a large population of middle-aged subjects living in France. Subjects/Methods: Dietary patterns were identified using factor analysis in 5194 women and men aged 45-60 years enrolled in the SU.VI.MAX (Supplémentation en Vitamines et Minéraux Antioxydants) study. Dietary data were based on repeated 24-h dietary records (at least six records during 2 years). Results: Four patterns were identified: (1) 'alcohol and meat products'; (2) 'prudent diet'; (3) 'convenience foods'; and (4) 'starch, sauces, and vegetables'. The first pattern was positively associated with low education, smoking and overweight in both genders, as well as with abdominal obesity in women and treated hyperlipidaemia and/or hypertension in men. The second pattern was positively correlated with high education and being older than 55 years and negatively correlated with current smoking. This pattern was also associated with overweight and low waist circumference in women and with hyperlipidaemia treatment in men. The third pattern was inversely related to age and positively related to higher education in both genders. In men, higher scores were related to living alone and an urban residence. The fourth pattern was associated with high education and an urban residence in men only. Conclusions: Our study identified four dietary patterns in this population of French middle-aged adults. Associations with sociodemographic, behavioural and health-related factors were found to differ according to dietary patterns. Sex-specific relationships were also found.
Introduction
Epidemiological studies investigating the relationships between nutritional factors and health have traditionally focused on the effect of one or a few individual dietary factors such as nutrients and food groups. It is particularly challenging to identify the effect of a specific food and/or nutrient on health. Nevertheless, an individual's diet involves a complex combination of various foods that are correlated .
Some alternative approaches have been proposed in the last few decades to assess the overall diet and to overcome the limitations of traditional methods. Several dietary scores have been developed to evaluate diet quality or diversity.
These dietary scores focus on foods or nutrients and are based on current scientific knowledge concerning the adverse or beneficial effects of diet on health (Trichopoulou et al., 1995; Kant, 1996 Kant, , 2004 McCullough et al., 2000; Moeller et al., 2007) . To investigate the effect of overall diet on chronic diseases, other studies have identified dietary patterns using factor analysis and/or cluster analysis or a more recent method called reduced rank regression (Hu, 2002; Hoffmann et al., 2004; Kant, 2004; Schulze and Hoffmann, 2006) .
It is also important to identify the relationships between dietary patterns and environmental factors, which play a role in dietary choices.
Numerous studies have investigated relationships between sociodemographic characteristics, lifestyle and dietary patterns (Whichelow and Prevost, 1996; Greenwood et al., 2000; Pryer et al., 2001; Schulze et al., 2001; Tseng and DeVellis, 2001; Costacou et al., 2003; Sanchez-Villegas et al., 2003; Villegas et al., 2004; Bamia et al., 2005; Engeset et al., 2005; Park et al., 2005; Perrin et al., 2005; Yang et al., 2005; Pala et al., 2006) . To our knowledge, only one study investigating the relationship between dietary patterns and their determinants was conducted in France, but among men only (Perrin et al., 2005) , and there are no studies that have been carried out among French women and men. Besides, France currently has one of the lowest rates of obesity in Europe as well as a low incidence of cardiovascular diseases (EASO (European Association for the Study of Obesity), 2002; Ferrieres, 2004) .
In the present analysis, we aimed to identify dietary patterns in a large sample of middle-aged French participants in the SU.VI.MAX (Supplémentation en Vitamines et Minéraux Antioxydants) study. We also examined the relationships between these dietary patterns with nutrient intakes, sociodemographic characteristics, lifestyle and health-related factors.
Materials and methods

Study population
Initially, the SU.VI.MAX study was designed as a randomized, double-blind, placebo-controlled primary prevention trial to test the potential effects of a daily supplementation of antioxidant vitamins and minerals at nutritional doses on the incidence of cancers, ischaemic heart diseases and overall mortality. The design has been previously described in detail elsewhere (Hercberg et al., 1998) . Briefly, eligible subjects (N ¼ 12 741) were enrolled in 1994-1995 with a planned follow-up of 8 years. The cohort consists of 7713 women aged 35-60 years and 5028 men aged 45-60 years at baseline. The SU.VI.MAX study was approved by the Ethical Committee for Studies with Human Subjects of the Paris-Cochin Hospital and the 'Commission Nationale Informatique et Liberté', which ensures that medical information is kept confidential and anonymous.
Data assessment
Sociodemographic variables, lifestyle and medication use were assessed through a self-administered questionnaire at enrolment.
Education level was coded in three categories according to the highest level completed (primary, secondary or university level).
Subjects were asked to report if they regularly practised physical activity (yes or no), and if yes, if they practised the equivalent of at least 1 h of walking per day (yes or no).
Rural residence was assessed using the zip code of each subject at baseline. Using the codes defined by the French National Institute of Statistics and Economic Studies (Institut National de la Statistique et des Etudes Economiques, INSEE, Paris, France), subjects living in urban zones, peri-urban zones and multipolarized areas (Le Jeannic and Vidalenc, 1997) were grouped in the same category.
Participants were invited on a yearly basis to either a clinical or a biological examination since inclusion. Anthropometric data were collected after 1 year of follow-up. Height and weight and waist circumference were measured using standardized procedures in subjects wearing undergarments. Body mass index (BMI) was calculated by dividing weight by height-squared (kg m
À2
). Subjects also regularly provided information on health events through computerized questionnaires.
Dietary data assessment
Dietary data were collected using the Minitel Telematic Network, a small computerized terminal widely used in France at the beginning of the SU.VI.MAX study. Participants received a processing unit containing specific software that allowed them to complete a computerized dietary record offline and subsequently transmit this data during brief telephone connection. At enrolment, participants were provided with a validated instruction manual of photographs to assist with coding foods and estimating portion sizes (Le Moullec et al., 1996) .
To account for potential seasonal and weekly variations and to assess usual dietary intakes, subjects were asked to complete a 24-h diet record every 2 months, for a total of six records per year. Dietary nutrient intakes were calculated using a food composition table (Hercberg (coordinator), 2005) , and all nutrient and dietary values reported here are based on the average daily intakes of each subject.
For the present analysis, we selected subjects older than 45 years at baseline who had completed at least six 24-h dietary records during the first 2 years of follow-up. In total, this analysis included 2463 women and 2731 men.
Identification of dietary patterns
Initially, about 900 recorded food items served to define 37 food groups according to type of food or nutrient content (see Supplementary material). Food group consumption was energy-adjusted using the residual method (Willett and Stampfer, 1986; Willett, 1998) . Principal component analysis was used to generate independent linear combinations of the initial food group variables, thereby maximizing the explained variance. Factors were rotated by an orthogonal transformation using the SAS 'Varimax' option. The number of retained patterns was determined according to several criteria: eigenvalues 41, screen test (plot of the total variance related to each factors) and interpretability. Dietary patterns were labelled on the basis of the primary foods that were strongly correlated with each extracted pattern. Food groups with absolute factor loading coefficients greater than 0.30 were considered as 'contributors' to a pattern. Finally, for each participant, a factor score was calculated for each pattern by summing the energy-adjusted food group intakes, which were weighted by its scoring coefficient. We performed factor analyses separately for the whole sample as well as for men and women.
To test the stability of the factor solution extracted from the whole sample, we randomly selected half of the sample using an equal probability sampling method. Factor analysis was performed in this sub-sample, which was then compared to the whole sample using correlation coefficients.
Statistical analyses
Pearson's correlation coefficients were calculated between dietary patterns and energy-adjusted nutrient intakes.
The association between dietary factors and correlates were assessed separately using multivariate logistic regression for women and men because there was a significant interaction with sex for some variables. We computed odds ratios and 95% confidence intervals for those whose scores were above the median value for each dietary pattern.
These analyses were performed in the sub-sample with available data for all covariates, that is, 2316 women and 2609 men. The variables included in the multivariate logistic regression model were age (45-49, 50-54, X55 years), BMIX25 kg m À2 (yes/no), abdominal obesity (yes/no) defined as waist circumference 488 cm for women and 4102 cm for men, education level (primary, secondary or university level), physical activity (irregular, low, equivalent to at least 1 h of walking per day), family situation (living alone or not), smoking status (never, former and current smokers), rural residence (yes/no), hypertensive medication use (yes/no) and hyperlipidaemia medication use (yes/no). All tests were two-sided. All analyses were performed using SAS package version 9.0 (The SAS Institute Inc., Cary, NC, USA).
Results
Characteristics of the selected subjects are presented in Table 1 . Women were younger than men. Mean energy intakes were 7586 ( ± 2326) kJ day À1 for women and 10 367 ( ± 2451) kJ day À1 for men. About 40% of women and 52%
of men reported practising a physical activity equivalent to at least 1 h of walking per day. About 9% of women and 10% of men declared antihypertensive medication use and 5% of women and 9% of men declared treatment for hyperlipidaemia.
Dietary patterns
We identified four major patterns that accounted for 21% of the total initial variance of food intakes. Factor solutions Dietary patterns in middle-aged French adults E Kesse-Guyot et al were equivalent among women and men (data not shown), and therefore results from the whole sample were pooled. The factor-loading matrix is presented in Table 2 .
The first pattern labelled 'alcohol and meat products' was positively correlated with an intake of meat and poultry, processed meat, beer and cider, alcoholic beverages and wine and negatively with fruit. The second pattern was named 'prudent diet', as high positive coefficients were observed for intakes of fruit, tea, vegetable oil, breakfast cereals, vegetables, fish and seafood, and reduced-fat products, whereas a negative coefficient was observed for butter. The third pattern, 'convenience foods', had high coefficients for candy and cookies, dessert, sweetened beverages, croissants and ready-to-eat products. This pattern was also negatively correlated with breakfast cereals, vegetables and soup. The last pattern named 'starch, sauces and vegetables' was characterized by high positive coefficients for pasta and rice, vegetable oil, fat-free or low-fat sauces and to a lesser extent with high-fat sauces and vegetables. It was also negatively correlated with breakfast cereals.
Stability of extracted patterns
Correlation coefficients between factor scores extracted from both the whole sample and the randomly selected half subsample demonstrate the stability of our dietary patterns (0.99 for the 'alcohol and meat products' pattern, 0.96 for the 'prudent diet' pattern, 0.98 for the 'convenience foods' pattern and 0.94 for the 'starch, sauces and vegetables' pattern).
Nutrients
Pearson's correlation coefficients between dietary pattern scores and energy-adjusted nutrient intakes are shown in Table 3 . The 'alcohol and meat products' pattern correlated positively with alcohol and iron intakes and negatively with intakes of carbohydrates, fibre, calcium, folic acid and b-carotene. The 'prudent diet' pattern correlated positively with intakes of protein, fibre, iron, vitamin C, vitamin E, calcium, folic acid, b-carotene and polyunsaturated fatty acids. The 'convenience foods' pattern correlated negatively with fibre and b-carotene intakes. The 'starch, sauces and vegetables' pattern correlated positively with fat, protein, vitamin E, monounsaturated and polyunsaturated fatty acids. Dietary patterns in middle-aged French adults E Kesse-Guyot et al
Association with correlates
An association of dietary pattern scores with sociodemographic, lifestyle and health indicators was investigated separately in women and men (Tables 4 and 5 , respectively). The 'alcohol and meat products' pattern score was associated positively with an urban residence, former and current smoking status and overweight and negatively with education and physical activity level in both women and men. In addition, higher scores for this pattern were observed in men with antihypertensive and hyperlipidaemia treatment and in women with abdominal obesity.
The 'prudent diet' pattern was associated positively with age and education level and negatively with current smoking. Among men, the 'prudent diet' score showed a relation with hyperlipidaemia medication use. Among women, this pattern was inversely related to having a high waist circumference but positively related to being overweight. A nonsignificant association between 'prudent diet' and urban residence was also observed in women.
The 'convenience foods' pattern was positively related to education and negatively associated with age in both genders. Among men, this pattern was also positively related to living alone and an urban residence.
The 'starch, sauces and vegetables' pattern was positively related to education, abdominal obesity and urban residence. No significant relation was observed among women.
Discussion
In this large national sample of French middle-aged women and men, we identified four dietary patterns: 'alcohol and meat products', 'prudent diet', 'convenience foods' and 'starch, sauces and vegetables'. In addition, our results showed differential associations with dietary patterns for sociodemographic, lifestyle and health factors. Some genderspecific relationships were also found.
Consistent with other studies, we observed a relation between 'alcohol and meat products' pattern and smoking, low physical activity level and overweight, suggesting an aggregation of high-risk factors (Pryer et al., 2001; Tseng and DeVellis, 2001; Villegas et al., 2004; Engeset et al., 2005) . In addition, we observed an association between the 'alcohol and meat products' pattern and the use of hypertensive and hyperlipidaemia medication among men in our study.
The 'convenience foods' pattern was associated with a younger age in both women and men and with an urban Dietary patterns in middle-aged French adults E Kesse-Guyot et al residence and living alone in men. Other studies have reported an association between convenience foods and living alone or having an urban residence, but to our knowledge, no independent association was observed (Pryer et al., 2001; Villegas et al., 2004; Naska et al., 2006) . In contrast with previous studies, we did not find a relation between 'convenience foods' pattern and smoking. In agreement with previous findings, we observed a positive relation between the 'prudent diet' pattern and a high level of physical activity and no smoking (Pryer et al., 2001; Schulze et al., 2001; Tseng and DeVellis, 2001; Costacou et al., 2003; Sanchez-Villegas et al., 2003; Villegas et al., 2004; Bamia et al., 2005; Engeset et al., 2005; Perrin et al., 2005) . Although a 'prudent' or 'healthy' pattern has been positively associated with a better health status Schulze and Hoffmann, 2006) , unexpected associations were observed between the 'prudent diet' pattern and overweight in women and hyperlipidaemia medication use in men. Similarly, Pala et al (2006) identified a prudent pattern that was also related to risk factors such as high waist-to-hip ratio, hypertension and hyperlipidaemia in women. These unexpected findings may indicate reverse causality due to the cross-sectional design of our study. In fact, individuals with high risk factors such as overweight, abdominal obesity or high level of cholesterol may have changed or improved their diet as a consequence of their medical conditions.
As previously noted in a review (Togo et al., 2001) , findings from recent cross-sectional studies have not been consistent Bamia et al., 2005; Engeset et al., 2005; Schulz et al., 2005; Pala et al., 2006; Paradis et al., 2006; Nettleton et al., 2007) regarding the relation between prudent or healthy dietary patterns and anthropometric variables. A longitudinal analysis of data from an American prospective study showed a smaller annual change in BMI (in women) and in waist circumference (in both men and women) with an increasing score for a healthy pattern . A cluster analysis on the same data revealed that higher annual change in BMI and in waist circumference was observed in a meat-and-potatoes cluster compared to a healthy cluster (Newby et al., 2003) . However, another study concluded that dietary patterns were not consistently related to changes in BMI or obesity (Togo et al., 2004) . Two recent prospective studies found that people with increasing healthy or prudent pattern scores over time had a smaller increase in BMI. Dietary patterns in middle-aged French adults E Kesse-Guyot et al
In other countries, numerous studies have examined the relation between dietary patterns and socioeconomic level assessed by various indicators such as educational, household income or occupational class. A high education level has often been positively associated with a dietary pattern that includes 'healthy food' components, whereas a low education level has been associated with a 'western pattern' (Greenwood et al., 2000; Schulze et al., 2001; Tseng and DeVellis, 2001; Costacou et al., 2003; Sanchez-Villegas et al., 2003; Villegas et al., 2004; Engeset et al., 2005; Perrin et al., 2005; Yang et al., 2005; Pala et al., 2006) . We observed a relation between education and the 'alcohol and meat products', 'prudent diet' and 'convenience foods' patterns. Another study of French men participating in the MONICA (MONItoring of trends and determinants in CArdiovascular diseases) study (Perrin et al., 2005) identified two major dietary patterns and showed that a high education level was associated with the prudent pattern, whereas no relationship was found with the western pattern.
The strengths and limitations of principal component analysis have been extensively discussed Moeller et al., 2007) . Briefly, factor analysis is a powerful tool that provides an overall measure of the diet. Nevertheless, factor analysis requires some subjective or arbitrary decisions such as food grouping, factor selection and labelling (Martinez et al., 1998; Hu, 2002; Moeller et al., 2007) . In addition, another limitation arises from the stability and reproducibility of dietary patterns, making comparison of findings difficult (Jacques and Tucker, 2001; . In our study, the cross-validation of factor solution suggested an adequate stability. Furthermore, similarities among major dietary patterns and their relationships with lifestyle and sociodemographic characteristics justify comparison between findings. This analysis included a large sample of subjects from a free-living population and is considered representative of the French population in terms of sociodemographic characteristics and distribution of various major risk factors for diseases (Hercberg et al., 1998) . Our results can therefore be generalized to adult populations of both sexes in France.
During the follow-up period, these well-motivated subjects provided a large amount of information through clinical examinations, biochemical tests and self-administered questionnaires. The accuracy and validity of dietary data were particularly good because individual dietary intakes were assessed using repeated 24 h records instead of a single record (Cade et al., 2002) . In addition, a validated manual containing photographs and a guide for coding foods was also provided to facilitate the estimation of portion size (Le Moullec et al., 1996) . Although subjects were recruited on a voluntary basis, we observed large diet diversity (Le Moullec et al., 1996) . Nevertheless, we cannot exclude a potential bias related to the voluntary basis of the recruitment.
In conclusion, we identified four dietary patterns in a large sample of middle-aged men and women. These patterns showed specific associations with sociodemographic, lifestyle and other health factors that may help identify subgroups for public health nutrition guidelines. Further analyses will examine relationships between dietary patterns and the incidence of chronic diseases or intermediate markers.
